Novel laser dye, allyl 2-(6-(allyloxy)-3-oxo-3H-xanthen-9-yl) benzoate [diallyl-fluorescein] has been synthesized. Its chemical structure was confirmed by 1 HNMR, IR, MS and elemental analysis. Its optical properties were experimentally investigated. The amplified spontaneous emission (ASE) efficiency was 0.29% in case of new dye while it was 0.23% in case of fluorescein by pumping the dye samples with a 532 nm (7 ns) pulsed Nd:YAG laser. Also, the thermal and photostability techniques confirmed the higher stability of new laser dye.
Introduction
Dye lasers are the most versatile class of lasers with diverse applications in many scientific, industrial, medical and military applications, ranging from spectroscopy to potential counter measure devices. There is a growing devote concerning of dye laser and the search for particular laser dyes that provide high laser damage threshold and high photostability. The photophysical and lasing properties of laser dyes in liquid solutions show a strong dependence on the molecular structure of the dye [1] [2] [3] [4] [5] . Moreover, adequate substituent in the molecular core can alter both electronic absorption and emission maximum due to change in mobility of electrons by the nature of the substituent group in the parent dye [6] [7] [8] [9] [10] [11] . This structure modification may give rise to large changes in the photophysical and optical properties [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . For example displacing the emission band to longer wavelengths can be achieved by: 1) attaching electron-donating group to the dye core [25] ; 2) rigidifying the structure [26] [27] [28] ; or 3) extending the conjugation of the chromophore [29] [30] [31] . So, lasing properties should be redetermined.
Depending upon these results and trying to find novel laser dye with high laser performance and photostability, we carried out our previous work [32, 33] and are now dealing with new fluorescein derivative. The present investigation deals with synthesis, chemical structure confirmation by spectroscopic techniques, photophysical properties, optical properties, stability and amplified spontaneous emission efficiency were determined and compared with the parent fluorescein itself.
Experimental

Materials
Fluorescein purchased from Aldrich chemical company (England) has been used without further purification, allyl bromide, potassium hydroxide, Dimethyl formamide and conc. Sulphuric acid was purchased from Aldrich and used without further purification. Solvents for photophysical and laser studies were of spectroscopic grade (Merck, Aldrich or Sigma) and were used without purification.
Synthesis
Preparation of the new compound allyl 2-(6-(allyloxy)-3-oxo-3H-xanthen-9-yl) benzoate [diallyl-fluorescein] 2 was as follows: Fluorescein 1 (1 mmol) was dissolved in hot ethanolic KOH solution (prepared by dissolving (2 mmol) of KOH in 10 ml of absolute ethanol), and the solvent was then removed in vacuo. The remaining material was dissolved in dimethyl formamide (DMF) (10 ml) and allyl chloride (2.2 mmol) was added. The reaction mixture was heated under reflux for 10 min with continuous stirring. The solid obtained upon cooling and dilution with water was collected and purified by crystallization from methanol solution to give orange crystals, m.p. 148˚C -151˚C. The schematic reaction of the preparation of new dye is shown in Scheme 1. 2) Thermal stability of diallyl fluorescein and fluorescein parent were measured under atmospheric nitrogen using Shimadzu TGA-50H. Liquid solutions of the dye in different solvents were contained in 1-cm optical path quartz cells carefully sealed to avoid solvent evaporation during the experiments. Absorption and excitation-emission spectra were measured by Camspec M501 uv-vis spectrophotometer and PF-6300 spectrofluorometer respectively.
3) Optimum concentration of the dye as linear fluorescence in ethanol was detected from its absorption and emission spectra.
4) Some important photo-physical parameters of the new di-allyl fluorescein dye were determined from its absorption and excitation-emission spectra. Fluorescence quantum yields were measured by using the optically very diluted solution (2 × 10 -6 M) relative method [34, 35] with solution of fluorescein as reference in 0.1 M NaOH (φ f = 0.79) [36] .
5) The fluorescence lifetime (τf), were measured by using nitrogen laser (laser photonics LN1000) of pulse duration of 800 ps and wavelength 337.1 nm. The maximum energy per pulse was 2 mJ. The fluorescence signal was registrated with a fast phototube (Hamamatsu R1328U-03) through optical fiber. The fast phototube (+H.V) powered by power supply at 400 V and connected to the 300 MHz eZ-digital oscilloscope (DS-1530) attached to the computer processing unit for processing the spectrum.
6) The amplified spontaneous emission (ASE) spectrum and its efficiency of 2 × 10 -4 M of dye in ethanol have been measured using the experimental setup in our previous work [32] . The dye sample is pumped by 532 nm of second harmonic Nd-YAG laser (Continuum PL7010), 7 ns pulses at a repetition rate of 5 Hz. The exciting light was directed towards the surface of cell sample with a combination of concave lens (f = 10 cm) and a cylindrical lens forming a line shape of dimension ~ 0.3 × 10 mm. The pump fluence was 71 mJ/cm 2 . The pumping energy (input energy) was measured via a beam splitter (4%) and using Gentec energy meter (Model QE50). The ASE output was focused by convex lens (f = 15 cm) onto the Gentec power meter head (model XLE4). The ASE spectrum was recorded using the Oplenic spectrophotometer which was connected to a computer unit for processing the spectrum.
7) Thermal stability of the diallyl-fluorescein and fluorescein itself were measured using Shimadzu TGA-50H. Photo stabilities of fluorescein parent and its new derivative were measured using the above setup as a function of number of pulses ranged from (0 -50000) pulse.
Results and Discussion
The chemical structure of the diallyl fluorescein dye was confirmed by 1 HNMR, IR, mass spectroscopy as well as elemental analysis. Thermal stability also measured and represented in Figure 1 . It shows that the fluorescein started decomposing at 200˚C and its weight losing was 88.76% up to the temperature studied (1000˚C) while diallyl fluorescein started decomposing at 220˚C and its weight losing was 77.47% up to the temperature studied (1000˚C). Figures 2  and 3 respectively) of the different concentrations of the new dye in ethanol show optimum concentration (2 × 10 -4 M) at which maximum linear fluorescence was detected by exciting the sample dye with 420 nm wavelength, while absorption profile was changed at concentrations higher than that optimum concentration. Also, emission intensity decrease at concentrations higher than optimum concentration (shown in Figure 4 ) which may attributed to inner filter effect or/and the formation of its dimer form. In case of fluorescein dye, its dimer form at concentration higher than 10 -5 M [37] . Photophysical properties of diallyl-fluorescein in different media polarities:
Absorption and emission spectra (shown in
The electronic absorption and emission spectra of 2 × 10 -4 M ( Figure 5 ) was measured at room temperature in different solvents of different polarities [Δf] with f given by the relation [38] . where (ε) is the dielectric constant and (n) is the refractive index of the solvent. Table 1 summarizes some spectral data of diallyl-fluorescein dye in different solvents.
The absorption of dye is not strongly affected by solvent polarity, whereas the small shifts in the position of absorption spectra indicate a little change in dipole moment of dye on going from ground state to excited state. The emission spectra are significantly influenced by the medium. With increasing solvent polarity, the fluorescence maximum shifts to longer wavelengths from 497 nm in hexane [Δf = 0.091751] to 528.5 nm in ethanol [Δf = 0.41584].
Absorption cross-section σ a and the emission crosssections σ e were calculated in ethanol solution according to the equations: [39, 40] . Table 2 .
To examine the validity of the prepared new dye for lasing action, we measured the ASE efficiency (defined as the ratio of the energy of the dye laser output to the energy of the pump laser incident on the dye sample). The ASE as a function of wavelength was observed for 2 × 10 -4 M diallyl fluorescein dye in ethanol as shown in Figure 6 . The measured ASE energy versus the input pump energies are shown in Figure 7 where the threshold energy was ~ 4 mJ. The average ASE efficiency extracted from this input-output energy measurements were 0.29% in case of diallyl fluorescein while it was 0.23% in case of fluorescein.
To study the photostability of fluorescein parent and its new derivative, the fluorescence intensity was monitored as a function of the number of pump pulses at repetition rate 5 Hz, pumped energy 8 mJ/pulse. It was found that, the fluorescence intensity decreased to nearly 42% in case of fluorescein while in case of its new derivative, it decreased to nearly 46% as shown in Figure 8 . Table 2 . Maximum wavelength of absorption "λ ab(max) " and emission "λ em(max) "; molecular extinction coefficient "ε"; cross-sections of absorption "σa", and emission "σe"; fluorescence quantum yield "φ f " and fluorescence life time τ f of fluorescein and diallyl fluo in ethanol. 
Conclusion
In this work, we reported efficient laser operation from novel synthesized diallyl derivative of fluorescein. Electronic absorption, emission and fluorescence quantum yield in different solvents were measured. The solvent polarity and viscosity have great effect on tunability properties of new dye. Absorption cross section, emission cross section and fluorescence lifetime of the new dye were investigated and compared with that of fluorescein itself. Under the same experimental condition, the ASE efficiency was 0.29% in case of new dye while it was 0.23% in case of fluorescein dye with threshold energy of the order of about 4 mJ. Also, thermal stability and photostability measurements confirmed the higher stability of new fluorescein derivative returns.
